BACKGROUND: Understanding the most common and costly conditions treated by inpatient general medical services is important for implementing quality improvement, developing health policy, conducting research, and designing medical education. OBJECTIVE: To determine the prevalence and cost of conditions treated on general internal medicine (GIM) inpatient services. DESIGN: Retrospective cross-sectional study involving 7 hospital sites in Toronto, Canada. PARTICIPANTS: All patients discharged between April 1, 2010 and March 31, 2015 who were admitted to or discharged from an inpatient GIM service. MAIN MEASURES: Hospital administrative data were used to identify diagnoses and costs associated with admissions. The primary discharge diagnosis was identified for each admission and categorized into clinically relevant and mutually exclusive categories using the Clinical Classifications Software (CCS) tool. KEY RESULTS: Among 148,442 admissions, the most common primary discharge diagnoses were heart failure (5.1%), pneumonia (5.0%), urinary tract infection (4.6%), chronic obstructive pulmonary disease (4.5%), and stroke (4.4%). The prevalence of the 20 most common conditions was significantly correlated across hospitals (correlation coefficients ranging from 0.55 to 0.95, p ≤ 0.01 for all comparisons). No single condition represented more than 5.1% of all admissions or more than 7.9% of admissions at any hospital site. The costliest conditions were stroke (median cost $7122, interquartile range 5587-12,354, total cost $94,199,422, representing 6.0% of all costs) and the group of delirium, dementia, and cognitive disorders (median cost $12,831, IQR 9539-17,509, total cost $77,372,541, representing 4.9% of all costs). The 10 most common conditions accounted for only 36.2% of hospitalizations and 36.8% of total costs. The remaining hospitalizations included 223 different CCS conditions. CONCLUSIONS: GIM services care for a markedly heterogeneous population but the most common conditions were similar across 7 hospitals. The diversity of conditions cared for in GIM may be challenging for healthcare delivery and quality improvement. Initiatives that cut across individual diseases to address processes of care, patient experience, and functional outcomes may be more relevant to a greater proportion of the GIM population than disease-specific efforts.
INTRODUCTION
Understanding the conditions commonly treated by inpatient services is important for healthcare delivery, quality improvement, health policy, research, and education. Innovations to improve healthcare delivery, such as value-based purchasing 1 and bundled payment reforms, 2, 3 often focus on specific medical conditions. Inpatient subspecialty or surgical services can be optimized for the care of select conditions, as occurs in coronary care or stroke units. However, an increasing number of patients are cared for on general internal medicine (GIM) or hospitalist wards, 4, 5 where care is often provided to patients with a wide variety of conditions. At 7 teaching hospital sites in Toronto, Canada, GIM admissions accounted for 39% of emergency department admissions to hospital and 24% of hospital bed-days. 6 The purpose of our study was to determine the prevalence and cost of conditions treated on GIM inpatient services at these hospitals to inform healthcare delivery, quality improvement, and future research.
METHODS

Design and Setting
We conducted a retrospective cross-sectional study involving 7 hospital sites that were participating in the General Medicine Inpatient Initiative Study (GEMINI) 6 in the Toronto area, Canada. We included all patients discharged between April 1, 2010 and March 31, 2015 who were admitted to or discharged from an inpatient GIM service. Although most patients were both admitted and discharged from the GIM service, we included patients either admitted to or discharged from GIM. This definition permitted the inclusion of patients who were, for example, initially admitted to an intensive care unit but subsequently cared for and discharged from GIM. GIM services were defined as inpatient services in which the most responsible attending physician cared for general medicine patients in a hospitalist model of care. 5 The GIM services at GEMINI hospitals have previously been described in detail 6 and include teaching and non-teaching teams that collaborate with allied health professionals and are staffed by internists (93%) or family physicians (7%). The GEMINI sites include 5 academic health centers and 2 large community-based teaching hospitals. Inpatient GIM care is predominantly delivered on clinical teaching units at the academic health centers and by non-teaching services at the community hospitals. Access to inpatient subspecialty wards varied across hospitals and changed within hospitals over the study duration. All hospitals had an inpatient cardiology ward, whereas access to nephrology, pulmonology, gastroenterology, hematology, oncology, stroke units, and other services varied. Research ethics board approval was obtained from all participating hospitals.
Data Sources
For each patient, we used hospital administrative databases to identify the primary discharge diagnosis that was reported to the Canadian Institute for Health Information 7 using International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Canada (ICD-10-CA) codes. The primary diagnosis was defined as Bthe one diagnosis or condition that can be described as being most responsible for the patient's stay in a facility^. 7 Because there are more than 69,800 ICD-10 diagnosis codes and multiple ICD-10 codes may refer to similar conditions, diseases were classified using the Clinical Classifications Software (CCS) tool version 2018.1, 8 which aggregates individual diagnoses into 285 mutually exclusive categories, which are mostly clinically homogeneous. The CCS tool that is based on ICD-9 codes has been used widely in clinical and health services research 9 and ICD-10 codes have been mapped using the same process and validated using reverse-mapping to compare against the ICD-9 classifications. 8 There were 297 ICD-10 codes that could not be automatically categorized in our dataset. These were reviewed manually by a physician (AAV) and matched to a CCS category if the descriptions of the ICD-10 codes were felt to be sufficiently similar to a CCS category. For example, the ICD-10 code R07.4 is Bchest pain, unspecified^and this was matched to the CCS category 102, Bnonspecific chest pain^(Online Appendix Table S1 ). To assess for potential bias that may have arisen from the manual matching process, the prevalence of the 20 most common conditions was compared using the automated tool with and without manual matching (Online Appendix Table S2 ).
To estimate the cost of each hospitalization consistently across organizations, we used the resource intensity weight reported for the Canadian Institute for Health Information multiplied by the average cost per weighted case as estimated by Ontario Cost Distribution Methodology. 10 This method includes costs related to administration, staff, supplies, and equipment in hospital but not physician billing. Cost data were missing for 48 patients (< 0.1%) who were excluded from the cost analysis.
Statistical Analysis
We report the prevalence and median, mean, and total cost of all hospitalizations in Canadian dollars for each CCS condition. We focus on median and total costs because hospital costs in this population are highly right-skewed. 6 To assess the generalizability of our findings across hospital sites, we compared the prevalence of the 20 most common discharge diagnoses at each hospital with the prevalence of those conditions at the other 6 hospitals combined using Pearson correlation coefficients. We also reported the number of the 20 most common conditions overall that were among the top 20 conditions at each site. Analyses were performed using BRv ersion 3.3.2 (R Foundation).
RESULTS
There were 148,442 GIM hospital admissions during the study period involving 3642 unique ICD-10 codes for primary discharge diagnosis. The median age was 73 years (interquartile range 57-83) and the median number of coexisting diagnoses at discharge was 6 (IQR 3-8). Nearly all GIM admissions occurred through the emergency department (N = 144,111, 97.1%). A CCS category was assigned for the primary diagnosis in 137,883 admissions (92.9%) using the automated tool. Manual assignment of unmatched diagnosis codes enabled the categorization of 147,166 admissions (99.1%). The remainder were considered as an Buncategorized^group. Manual matching of CCS codes did not substantially change the prevalence of most common conditions, except non-specific chest pain, which matched fewer than 0.1% of cases in the automated algorithm but with manual matching was found to have a prevalence of 1.7% and diabetes mellitus complications, which increased by 0.4% (Online Appendix Table S1 and S2).
The most common discharge diagnoses (Fig. 1) were heart failure (5.1%), pneumonia (5.0%), urinary tract infection (4.6%), chronic obstructive pulmonary disease (4.5%), and stroke (4.4%). No single condition represented more than 5.1% of all admissions or more than 7.9% of admissions at any hospital site (Online Appendix Table S3 ). The conditions with the highest median cost (Fig. 1) were the group of delirium, dementia, and cognitive disorders (median, $12,831, IQR 9539-17,509; total, $77,372,541, representing 4.9% of all costs) and sepsis (median, $10,025, IQR 6066-18,954; total, $ 71,178,460, representing 4.5% of all costs).
The condition with the largest total cost was stroke (median, $7122, IQR 5587-12,354; total, $94,199,422, representing 6.0% of all costs, Table 1 ). The 10 most common conditions accounted for only 36.2% of hospitalizations and 36.8% of total costs. The remaining hospitalizations included 223 different CCS conditions (Online Appendix Table S3 ).
The prevalence of the 20 most common CCS conditions was very similar across 6 of the 7 hospitals, with correlations ranging from 0.77 to 0.95 (p < 0.001, Table 2 ). Site G was less Fig. 1 Prevalence and cost of the most common primary discharge diagnoses in GIM. Primary discharge diagnosis was categorized using the CCS tool. Prevalence is denoted by the size of each box, and cost in Canadian dollars is denoted by color. BOther^represents all remaining conditions and is comprised of 213 CCS conditions and one group of Buncategorized^diagnoses (0.9%). For clarity of presentation, we simplified the description of CCS conditions. COPD: chronic obstructive pulmonary disease, GI; gastrointestinal, DM: diabetes mellitus.
similar, but the prevalence of the most common conditions was still significantly correlated with the other sites (correlation 0.55, p = 0.01). Admissions for acute myocardial infarction (2.2%) and coronary atherosclerosis (2.3%) were significantly more common at site G than in the 6 other sites combined (0.5 and 0.9%, respectively, p < 0.001 for both comparisons). At least 15 of the 20 most common conditions overall were among the top 20 conditions at each site (Table 2) .
DISCUSSION
This multi-center cross-sectional study found that the most common discharge diagnoses in GIM admissions were heart failure, pneumonia, urinary tract infection, chronic obstructive pulmonary disease, and stroke. No single condition accounted for more than 5.1% of GIM admissions, highlighting the striking heterogeneity of this population. The costliest conditions per admission were sepsis and the group of delirium, dementia, and cognitive disorders. Although referral patterns and models of care vary across participating hospitals, 6 the prevalence of conditions in our analysis was highly correlated across most sites.
The diversity of conditions cared for by GIM inpatient services is unique, even when compared to other generalist inpatient services. The 10 most common conditions accounted for only 36.2% of hospitalizations in GIM compared with 83.3% of emergency general surgery hospitalizations 11 and 72.6% of emergency intensive care unit admissions. 12 This poses important challenges for healthcare delivery, quality improvement, performance measurement, education, and research in GIM. Healthcare reforms often focus on individual diseases, such as the episodes of care in the Medicare Bundled Payments for Care Improvement Intitiative.
2 Disease-specific process and outcome measures are an important part of performance measurement and value-based purchasing initiatives. 1 In order to achieve system-wide impact, these innovations must be effective in GIM, whose patients represent nearly 40% of emergency department admissions. 6 However, disease-specific approaches may neglect many GIM patients. Even the 20 most common conditions account for only half of admissions to GIM. Our findings suggest that GIM care should be guided by broad metrics that can be applied across diseases. Quality improvement in GIM may have greater impact by focusing on common processes such as transitions in care, 13 medication safety, 14 or functional status, 15 rather than on individual diseases.
Disease-specific approaches to healthcare delivery, quality improvement, and research will nevertheless remain important. Further, the shift toward competency-based medical education 16 will require workplace-based assessments to establish competency in the care of common and complex conditions. 17 To inform these efforts, we provide data about the most burdensome conditions cared for in GIM, both in terms of frequency and cost.
Although many studies are conducted in GIM inpatient populations, [18] [19] [20] [21] [22] very few explicitly evaluate the most common conditions cared for in GIM. A study of 1501 consecutive patients in 18 European countries over a 3-month period found that the most common conditions on internal medicine hospital wards were pneumonia (8.2%), heart failure (6.3%), atrial fibrillation/flutter (3.1%), chronic obstructive pulmonary disease (3.1%), and urinary tract infection (2.7%). 23 This study was limited by relatively small sample size and short duration Admissions to GIM were categorized by primary discharge diagnosis using the CCS tool. Conditions were ranked by total cost over the study period.
For clarity of presentation, we simplified the description of CCS conditions. Costs are presented in Canadian dollars. IQR: interquartile range To assess the generalizability of our findings across hospital sites, the prevalence of the 20 most common CCS conditions at each hospital was compared to the prevalence of those conditions at the other 6 hospitals combined using Pearson correlation coefficients (thus being vulnerable to seasonal effects or sampling errors). Our study builds on the existing literature by providing comprehensive capture of a large cohort of GIM admissions at 7 hospitals over a 5-year period and employing the CCS tool to categorize admissions into clinically relevant conditions. A strength of our work is the ability to use hospital-specific data to clearly identify the patients that were cared for by GIM services as opposed to subspecialty services, which may not be possible with large administrative or claims-based datasets, particularly when GIM patients are admitted to off-service units. Thus, our findings reflect the true scope of GIM practice at study hospitals. Furthermore, we provide data about the prevalence of all CCS conditions, not only the most common ones, in a supplementary online appendix for readers who require more detailed information. The first main limitation of our study was identifying common diagnoses using ICD-10 codes, which are numerous, not necessarily mutually exclusive, and assigned to patients for administrative, and not clinical, reasons. However, it is unlikely that the observed heterogeneity of diagnoses in our study is simply an artifact of coding. The CCS tool has been specifically designed to address the problems caused by numerous overlapping ICD codes. Furthermore, our findings are similar to the multi-center European study by Duckitt and colleagues, 23 which reported clinical, not administrative, diagnoses. Second, CCS categories are sometimes limited in the granularity of clinical information they provide, particularly pertaining to disease severity. For example, the diagnosis Burinary tract infection^may include a spectrum of disorders ranging from cystitis to pyelonephritis. However, reporting clinically meaningful categories from several thousand ICD-10 codes is an important strength of the CCS classification and was felt to outweigh this limitation because our aim was to provide an overall summary of the conditions cared for in GIM. Third, our study was conducted in 5 academic health centers and 2 large community hospitals and it is possible that our findings may not be generalizable to smaller non-teaching hospitals. We found very strong correlations in the prevalence of conditions across most sites and moderately strong correlation at 1 site. Moreover, at least 15 of the 20 most common conditions overall were among the top 20 conditions at each site. The consistency of our findings across a range of urban and suburban hospitals with different models of teaching and non-teaching GIM services, and different access to inpatient subspecialty wards, strengthens our confidence in the generalizability of our findings. Further, in addition to similarity to the study by Duckitt and colleagues, 23 the GEMINI study cohort was previously reported 6 to be broadly similar to other GIM populations in Canada, 18, 19 Europe, 20, 24 and the USA. 22 GIM services represent a large proportion of inpatient care and treat patients with a diversity of diseases. The heterogeneity of conditions cared for in GIM poses important challenges for healthcare delivery. Initiatives that cut across individual diseases and address processes of care, 18 patient experience, 25 and functional outcomes 15 will be more likely to improve care for all GIM patients.
